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@ Apparatus and method for manufacturing chalcopyrlte film. 



@ A method and an apparatus for manufacturing an 
ABG2 chalcopyrlte film (wherein A represents Cu or 
Ag» B represents In, Ga or At, C represents S, Se or 
Te) comprises; a first step of forming a film of a 
composition of ABC2 containing element A in ex- 
cess; a second step of exposing the film formed in 
the first step to a flux or gas containing element B 



and C. or to a gas or flux containing element A, B 
and C but containing element B in excess; and 
monitoring a particular physical property of the film 
in order to determine an end point of the second 
step where the physical property of the film dem- 
onstrates a specific change. 
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BACKGROUND OF THE INVENTION 

1 . Field of the invention 

The present invention generally relates to the 
production of chalcopyrite compounds. In particu- 
lar, it is concerned with an apparatus and a method 
for manufacturing an ABC2 chalcopyrite film having 
a wide appiication in the field of photovoltaic de- 
vices such as thin film-type solar cefls. 

2. Description of the Prior Art 

In a potycrystalline thin film of the ABC2 chal- 
copyrite (wherein A represents Cu or Ag, B repre- 
sents In. Ga or Al and C represents S, Se or Te), a 
thin film containing element A in excess has large 
crystal grains and Is excellent in crystal Unity of the 
crystal grains. Components of A2C, for instance, 
Cu2Se, CU2S and the like, however, are deposited 
on the boundary between the respective crystal 
grains or on the surface thereof, and thus, the thin 
film as it is cannot be applied to a device. An 
electrical characteristic of this thin film demon- 
strates a p-type conduction and its electric con- 
ductivity at room temperature is about 100 fi ~^ 
cm"^ As mentioned above, although the thin film 
containing element A in excess is a polycrystalline 
thin film having an excellent crystallinity, it suffers a 
disadvantage that it holds an Impurity phase on its 
boundary between the respective crystal grains or 
on its surface. 

In spite of the above-mentioned disadvantage, 
it is reported that an excellent thin film available for 
the solar cells is formed based on such thin film 
(for instance, Proceedings of the 16th IEEE 
Photovoltaic Specialist Conference (1982), p.781). 
The disclosed manufacturing method is generally 
called "bilayer process". A scheme of this technol- 
ogy is shown in FIG.10 and FIG. 11. The apparatus 
employed in the disclosed bilayer process com- 
prises a vapor deposition apparatus including a 
vacuum chamber which accommodates cells 10. 
11, and 12 each for supplying a flux of each of the 
elements A. B and C to a substrate 1. wherein the 
supplying amounts of the respective fluxes are 
controlled by the temperature of the respective 
cells. The substrate 1 is mounted on a substrate 
holder 4 and usually heated at 350' 0 or above. 

The bilayer process using the apparatus shown 
in FIG.10 proceeds in the following manner. 

As shown In FIG.11, by adjusting the amounts 
of the fluxes of the respective elements, an ABC2 
chalcopyrite thin film layer 2 of a composition 
containing element A in excess Is first produced 
(see, FIG.11 A). Subsequentiy, a second layer is 
deposited on the first produced layer by further 
elevating the temperature of the substrate by about 



100*0, and adjusting the amounts of the fluxes of 
the respective elements to the conditions under 
which an ABC2 chalcopyrite thin film layer of a 
composition containing element B In excess is pro- 

5 duced (see, FIG.11B). In this ease, if the tempera- 
ture of the substrate is sufficlentiy high, a thin film 
2b In an intermediate state is converted into an 
ABC2 chalcopyrite Ihin film 3 of a homogeneous 
composition being approximate to a stoichiometric 

70 composition but containing element B in slight ex- 
cess (see, FIG.11 C). The thin film layer produced 
in the above-mentioned manner has the large cry- 
stal grains and is free from the deposition of the 
impurity phase on the boundary between the re- 

75 spective crystal grains and on the surface, and thus 
becomes a thin film layer which can preferably be 
applied to the photovoltaic devices. The undesira- 
ble deposition of the impurity phase has frequently 
been observed with the ABC2 chalcopyrite of the 

20 composition containing element A in excess. 

In order to produce a solar cell having a higher 
conversion efficiency, it is required to adjust a 
composition ratio of A/B at about 0.95 - 1.0 by 
accurately controlling the ratio. Although the above- 

25 mentioned bilayer process is one of the methods 
for producing an excellent ABC2 chalcopyrite thin 
film layer csqpable of being applied to the photovol- 
taic devices such as solar cells, it is difficult to 
realize an adequate composition ratio of A/B in a 

30 good reproducibility. The reason for this is that 
even if a condition for making the composition ratio 
of A/B is once established experimentally, the 
amounts of the fluxes of the respective elements 
sensitively reflect a difference in the degree of 

35 vacuum Inside the vacuum chamber, a difference 
in the species of the gas remaining in the vacuum 
chamber and a delicate difference in the substrate 
temperature. Further, in this bilayer process, it is 
required to realize the following two conditions: one 

40 for producing an ABG2 thin film layer containing an- 
excessive amount of element A and the other for 
producing an ABC2 thin film layer containing an 
excessive amount of element B, at the same time, 
by adjusting the amounts of the fluxes of the ele- 

45 ments A and B. Therefore, this bilayer process has 
a disadvantage that It takes much time and labor 
for establishing these conditions that results in a 
poor throughput of the whole system. 

50 SUMMARY OF THE INVENTION 

It Is an object of the present Invention to pro- 
vide a method for manufacturing an ABC2 chal- 
copyrite thin film layer capable of being applied to 
55 the photovoltaic devices such as solar cells and the 
like, and having a highly favorable reproducibility. 

Another object of the present invention Is to 
provide an apparatus for manufacturing such an 
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ABC2 chalcopyrite thin film layer efficiently. 

In order to attain these and other desirable 
objects, the present invention provides a method 
for manufacturing an ABC2 chalcopyrite thin film 
layer comprising the steps of: 

a first step of forming a thin film layer contain- 
ing element A, element B and element C on a 
substrate, wherein the content of element A ex- 
ceeds the stoichiometric composition ratio of ABC2, 

a second step of exposing the thin film layer 
formed in the first step to a flux or gas containing 
element B and element C, or to a gas or flux 
containing element A, element B and element C 
but containing element B in excess, and 

a monitoring step of monitoring a particular 
physical property of the thin film layer in order to 
determine an end point of the second step where 
the physical property of the thin film layer dem- 
onstrates a specific change. 

That is, the present invention is based on a 
finding that the particular physical property of the 
above-mentioned thin film layer specifically 
changes at a first time point where a ratio A/B of 
element A to element B In the composition of the 
above-mentioned thin film layer changes from an 
element A-excessive state to a composition of the 
stoichiometric ratio represented by the formula 
ABC2. and demonstrates a saturated value at a 
second time point where the composition becomes 
an element B-excessive state, and that ABC2 chal- 
copyrite thin film layer of a high quality can be 
obtained by terminating the above-mentioried sec- 
ond step at the second time point 

The present invention utilizes, as the above- 
mentioned particular physical property » at least one 
physical property selected from the group consist- 
ing of an electric resistance of the above-men- 
tioned thin film layer, the intensity of light reflected 
by or transmitted through the thin film layer. 

The present invention provides a method for 
manufacturing ABC2 chalcopyrite thin film layer 
comprising the steps of: 

(1) a first step of forming a thin film layer 
containing element A, element B and element 0 
on a substrate, wherein the content of element A 
exceeds the stoichiometric composition ratio of 
ABC2. 

(2) a second step of exposing the thin film layer 
formed in the first step to a fiux or gas contain- 
ing element B and element C, or to a gas or fiux 
containing element A, element B and element C 
but containing element B in excess, and 

(3) a monitoring step of monitoring a physical 
property of the thin film layer which changes in 
correspondence with the change In the A/B ratio 
of element A to element B in the thin film layer, 

wherein the physical property of the thin film 
layer specifically changes at a first time point when 



the A/B ratio in the thin film layer changes from an 
element A-excessive state to the stoichiometric 
composition ratio of the ABC2, and demonstrates a 
saturated value at a second time point when the 

5 A/B ratio becomes an element B-excessive state 
after a lapse of a substantial time period, and 

wherein the second step is terminated at the 
second time point. 

In the above-mentioned method, A represents 

70 Cu or B represents In, Qa or Al, and C repre- 
sents S. Se or Te. 

In a mode of the step for monitoring the phys- 
ical property of the above-mentioned thin film lay- 
er, the monitoring step comprises monitoring a 

75 current flowing through a load resistor electrically 
connected to the thin film layer at the time of 
irradiating the thin film layer with an electron beam. 
In this mode, the current flowing through the load 
resistor abruptly decreases at a first time point 

20 when the A/B ratio in the thin film layer changes 
from an element A-excessive state to the 
stoichiometric composition ratio of the ABC2> and 
reaches a saturated value at a second time point 
when the A/B ratio becomes B-excessive state, and 

25 the second step is terminated at the second time 
point. 

In another mode of the present invention, the 
above-mentioned step comprises monitoring the 
intensity of light reflected from the surface of the 

30 thin film layer by a light detecting system when the 
above-mentioned thin film layer is irradiated with 
light, in order to determine the end point of the 
above-mentioned second step. In this mode, the 
intensity of reflected light from the thin film layer 

35 decreases at a first time point when the A/B ratio 
changes from an element A-excessive state to the 
stoichiometric composition ratio of the ABC2, and 
reaches a saturated value at a second time point 
when the A/B ratio becomes B-excessive state, and 

AO the second step Is terminated at the second time 
point. 

In a still further mode of the present invention, 
the monitoring step comprises monitoring the in- 
tensity of the infrared ray transmitted through the 

45 thin film layer by a light detecting system when the 
thin film layer is irradiated with the infrared ray, in 
order to determine the end point of the above- 
mentioned second step. In this mode, the intensity 
of transmitted infrared ray decreases and thereafter 

50 increases at a first time point when the A/B ratio 
changes from an element A-excessive state to the 
stoichiometric composition ratio of the ABC2, and 
reaches a saturated value at a second time point 
when the A/B ratio becomes an element B-exces- 

55 sive state, and the second step is terminated at the 
second time point. 

The present invention also provides an appara- 
tus for manufacturing an ABC2 chalcopyrite thin 
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film layer (wherein A represents Cu or Ag, B repre- 
sents In. Ga or Al, C represents S, Se or Te) 
conDprising: 

a substrate holder, 

means provided on the substrate holder for 
heating the substrate. 

a plurality of element supplying means each 
for supplying element A, element B or element C 
onto the substrate and for controlling the supplying 
operations of the respective elements, and 

monitoring means for monitoring a physical 
property of the thin film layer deposited on the 
substrate, wherein the physical property of the thin 
film layer specifically changes at a first time point 
when the A/B ratio in the thin film layer changes 
from an element A-excessive state to the 
stoichiometric composition ratio of the ABC2, and 
demonstrates a saturated value at a second time 
point when the A/B ratio becomes an element B- 
excessive state, wherein the monitoring is per- 
formed in order to determine an end point of de- 
positing the thin film layer where the physical prop- 
erty demonstrates a saturated value, by controlling 
the element supplying operation of the element 
supplying means. 

While the novel features of the present inven- 
tion are set fourth particularly in the appended 
claims, the invention, both as to organization and 
content, will be better understood and appreciated, 
along with other objects and features thereof, from 
the following detailed description taken in conjunc- 
tion with the appended drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG.1 is a longitudinal cross-sectional view 
schematically showing an apparatus for manufac- 
turing a chalcopyrite thin film In accordance with 
one embodiment of the present invention. 

FiG.2 is a diagram showing the changes in the 
output voltage in the manufacturing apparatus 
shown in FIG.1 . 

FIG.3 is a longitudinal cross-sectional view 
schematically showing an apparatus for manufac- 
turing a chalcopyrite thin film In accordance with 
another emt)odiment of the present invention. 

FIG. 4 is a longitudinal cross-sectional view 
schematically showing an apparatus for manufac- 
turing a chalcopyrite thin film in accordance with a 
stiii other embodiment of the present invention. 

FIG.5 is a diagram showing the changes in the 
light reflectance of the chalcopyrite thin film pro- 
duced by the manufacturing apparatus shown in 
FIG.4. 

FIG.6 is a longitudinal cross-sectional view 
schematically showing an apparatus for manufac- 
turing a chalcopyrite thin film in accordance with a 
still further embodiment of the present invention. 



F1G.7 is a longitudinal cross-sectional view 
schematically showing an apparatus for manufac- 
turing a chalcopyrite thin film in accordance with a 
still another embodiment of the present invention. 
5 FIG.8 is a diagram showing the near infrared 

ray transmittance of the chalcopyrite thin film of 
CulnSe2. 

F1G.9 is a diagram showing the value of the 
output signal which corresponds to the change in 

70 the transmittance of the chalcopyrite thin film in the 
apparatus In accordance with the present invention. 

FIG.1 0 is a longitudinal cross-sectional view 
schematically showing an apparatus for manufac- 
turing a chalcopyrite thin film of the prior art, 

75 FIG.1 1 A. FIG.1 1 B and FIG.1 1 C are views sche- 

matically showing a manufacturing process of a 
chalcopyrite thin film of the prior art. 

It will be recognized that some or all of the 
Figures are schematic representations for purposes 

20 of illustration and do not necessarily depict the 
actual relative sizes or locations of the elements 
shown. 

DETAILED DESCRIPTION OF THE PREFERRED 
25 EMBODIMENTS 

In the following paragraphs, the present inven- 
tion will be described In more detail by referring to 
its preferred embodiments. 

30 The present invention can effectively embodied 
in the following two methods for manufacturing the 
ABC2 chalcopyrite thin film layer. One of them is 
the method for manufacturing the ABC2 chal- 
copyrite thin film layer, which Is already estab- 

35 lished In the prior technology and described as the 
bilayer process. The other is a manufacturing 
method which utilizes a phenomenon that if only 
element B and element C are continuously sup- 
plied to the ABC2 chalcopyrite thin film layer of an 

40 element A-excesslve composition under a condition 
of a sufficiently high substrate temperature, the 
composition of the thin filna layer becomes one that 
approximates to a stoichiometric composition ratio 
with a lapse of time, and if the supply of element B 

45 and element C is further continued, the composi- 
tion gradually changes to an ABC2 chalcopyrite 
thin film layer of an element B-excessive composi- 
tion. 

According to the present invention, it is possi- 
50 ble to Improve the throughput of the production 
process and Its reproducibility because adjustment 
of the supplying amount of each of element A or 
element B can be dispensed with during the thin 
film layer production process. More concretely. In 
55 producing the A6C2 chalcopyrite thin film layer In 
accordance with the previously-described method, 
a detection Is made on a phenomenon that an 
electric resistance of the thin film layer is increas- 
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ing with the change in its composition (particularly. 
A/B ratio) successively even in a state of a high 
substrate temperature, by irradiating the surface of 
the thin film layer with an electron beam during its 
depositing operation and monitoring the change in 
the current which is lead to an outside circuit. And 
thus, an end point of the film production is deter- 
mined by grasping a saturating tendency of the 
change in the current which reflects the completion 
of the increase in the electric resistance. As a 
result, it is possible to improve the film composi- 
tion, in other words, the reproducibility of the film 
quality in particular, not to mentioned of the im- 
provement in the throughput of the production pro- 
cess. 

vyTith the progress of the increase in the electric 
resistance of the thin film layer, an optical property 
of the thin film layer also changes in a manner 
such that, for instance, its reflectance of an infrared 
ray decreases, whereas its transmittance of the 
infrared ray increases, accordingly. Therefore, it is 
possible to obtain a signal corresponding to the 
composition (A/B ratio) of the thin film layer by 
monitoring the intensity of the infrared ray reflected 
from or transmitted through the thin film layer, and 
to determine the end point of the film production 
where the respective signals change and thereafter 
demonstrate a saturating phenomenon. 

According to the present invention, it is possi- 
ble to perform a real-time monitoring of the com- 
position of the ABC2 chalcopyrite thin film layer, 
and to manufacture the thin film layer always hav- 
ing the optimum composition of the ABC2 chal- 
copyrite thin film layer with a favorable reproduc- 
ibility. 

According to the present invention, It is also 
possible to manufacture the ABC2 chalcopyrite thin 
film layer having a high quality and a wide applica- 
tion in photovoltaic devices such as solar cells and 
the like with a favorable reproducibility. 

In the following paragraphs, the present inven- 
tion will be illustrated in more detail by way of 
concrete examples with reference to the attached 
drawings. 

EXAMPLE 1 

F1G.1 shows a schematic configuration of an 
apparatus for manufacturing the ABC2 chalcopyrite 
thin film layer built in accordance with the present 
invention. The manufacturing process employing 
the apparatus is performed in the following manner. 

First, by controlling the temperatures inside the 
respective cells 10. 11 and 12, the amounts of the 
fluxes of the respective elements A. B and C were 
adjusted. Then, an ABC2 thin film layer 2 of the 
element A-excessive composition was prepared un- 
der a condition capable of depositing the ABC2 thin 



film layer of the element A-excessive composition. 
In this example, although a glass substrate coated 
with Mo was used as the substrate 1, the present 
invention Is not necessarily limited to this. The 

5 temperature of the substrate is required to be at 
400 *C or above and is preferably from 500 *C to 
550 *C. If the temperature of the substrate is too 
low, growth of the crystal grains cannot proceed 
suitably. In contrast, if the temperature of the sub- 

10 strata is too high, an inconvenience of re-evapora- 
tion of the supplied element may be yielded. 

Subsequentiy. depositing the film layer on the 
substrate was continued by performing a supply of 
element A. element B and element C adjusted to 

15 the element B-excessive composition, or by per- 
forming a supply of only element B and element C 
while stopping the supply of element A. If the 
temperature of the substrate was sufficiently high, 
it was possible to prepare an ABC2 chalcopyrite 

20 thin film layer 3 having a homogeneous composi- 
tion which approximated to the stoichiometric com- 
position ratio of the ABC2 but contained element B 
in slight excess. In this case, an electric resistance 
of the film became high abruptly in the film com- 

25 position (A/B ratio) being in the vicinity of the 
stoichiometric composition ratio and demonstrated 
a saturating tendency in the ABC2 chalcopyrite thin 
film containing excessive element B. 

In the apparatus shown in FIQ.1. there Is pro- 

30 vided an electron gun 5 as a means for supplying 
an electron beam to the substrate 1 mounted on an 
electrically conductive substrate holder 4 which is 
electrically insulated from the ground potential. The 
output voltage Vout across the load resistor R| dur- 

35 ing the process of depositing the film was mon- 
itored and a change in the output voltage for the 
lapse of time as shown by the diagram in FIG. 2 
was observed. A point W in tills diagram repre- 
sents a time point when the supply of the flux is 

40 switched fi'om the condition of depositing the ele- 
ment A-excessive film to the element B-excessive 
condition or when the supply of element A is 
stopped. A point X in the diagram represents a 
time point of from 5 to 15 minutes after the abrupt 

45 change in the output voltage. The change in the 
composition of A/B ratio reflects a moderate 
change to the film of element B-excesslve com- 
position. 

The ABC2 chalcopyrite thin film layer (wherein 
50 A~Cu, B-ln, C = Se) thus obtained under a con- 
dition corresponding to the point X of the diagram 
in FIG.2 had an almost homogeneous composition 
in its entirety and was a film having the following 
composition: 24 - 25 atomic % for element A, 25 - 
55 25.5 atomic % for element B and 50 - 50.5 atomic 
% for element C. 

As described above, according to the appara- 
tus having the monitoring means in accordance 
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with the present invention, it is possible to produce 
the ABC2 chalcopyrite (wherein, A represents Cu or 
Ag, B represents In, Ga or Al, C represents S, Se 
or Te) thin film layer 3 having an excellent quality 
which is most suitable for the photovoltaic devices 
such as solar cells and the like in a simple opera- 
tion with a good reproducibility. 

EXAMPLE 2 

FIG.3 and FIG.4 show a schematic configura- 
tion of an apparatus for manufacturing the ABC2 
chalcopyrite thin film layer built in accordance with 
this example. The manufacturing process employ- 
ing the apparatus is performed in the following 
manner. 

First, by controlling the temperatures inside tfie 
respective cells 10, 11 and 12, the amounts of the 
fluxes (gases) of the respective elements A, B and 
C were adjusted. Then, an ABC2 thin film layer 2 of 
the element A-excessive composition was prepared 
under a condition capable of depositing the ABC2 
thin film layer of the element A-excessive composi- 
tion. In this example, although a glass substrate 
coated with Mo was used as the substrate 1, the 
present invention is not necessarily limited to this. 
The temperature of the substrate is required to be 
at 400 *C or above and Is preferably from 500 *C 
to 550 • C. If the temperature of the substrate is too 
low, growth of the crystal grains cannot proceed 
suitably. In contrast, if the temperature of the sub- 
strate is too high, an inconvenience of re-evapora- 
tion of the supplied element may be yielded. 

Subsequently, depositing the film layer on the 
substrate was continued by performing a concur- 
rent supply of element A, element B and element C 
adjusted to the element B-excessive composition, 
or by performing a supply of only element B and 
element C while stopping the supply of element A. 
If the temperature of the substrate was sufficiently 
high, it was possible to prepare an ABC2 chal- 
copyrite thin film 3 having a homogeneous com- 
position which approximated to the stoichiometric 
composition of the ABC2 but contained element B 
in slight excess. In this case, an electric resistance 
of the film became high abruptly in the film com- 
position (A/B ratio) being in the vicinity of the 
stoichiometric composition ratio and demonstrated 
a saturating tendency In the ABC2 chalcopyrite thin 
film having the excessive element B. 

The apparatus of this example is configured as 
shown in FIG.3 and FIG.4, and so designed as to 
irradiate the substrate surface with an infrared ray 
(including those having a wavelength of from 1 .3 to 
2.0 mm) chopped at a frequency of from 10 to 200 
Hz. and to monitor the Intensity of the infrared ray 
reflected from the substrate surface. In FIG.3 and 
FIG.4, a reference numeral 9 designates a half 



mirror. In the apparatus shown In FIG.4, the vapor 
deposition is performed in a vacuum chamber 13 
made of a material which permits the transmission 
of the infrared ray and the half mirror 9 and a light 
5 detecting system are provided outside the chamber 
13. In this figure, a reference numeral 14 des- 
ignates a connector leading to an exhausting sys- 
tem. 

The apparatus of this example is based on a 

70 phenomenon that if the film has a large electric 
conductivity and a free carrier has a concentration 
of about 10^° cm"3, the film strongly reflects the 
infrared ray, and it gradually begins to transmit the 
infrared ray with a decrease in the concentration of 

75 the free carrier (namely, an increase in the electric 
resistance of the film). According to the above- 
mentioned film producing process and the appara- 
tus of this example, an output corresponding to the 
intensity of the infrared ray reflected from the film 

20 surface as shown in FIG.5 is obtained by the light 
detecting system. 

In FIG.5. the time in Its abscissa indicates a 
lapse of time after a time point when the supply of 
the flux is switched from the condition of depositing 

25 the element A-excessive film to the element B- 
excessive condition or when the supply of element 
A is stopped. A point X in the diagram represents a 
time point of from 5 to 15 minutes after the abrupt 
change in the output signal. The change in the 

30 composition of A/B ratio reflects a moderate 
change in the film composition to the film of ele- 
ment B-excessive composition. 

The ABC2 chalcopyrite thin film layer (wherein 
A=Cu. B^ln, Cs:Se) thus obtained under a con- 

35 dition corresponding to the point X had an almost 
homogeneous composition in its entirety and was a 
film having the following composition: 24 - 25 
atomic % for element A, 25 - 25.5 atomic % for 
element B and 50 - 50.5 atomic % for element C. 

40 As described above, according to the appara- 
tus having the monitoring means in accordance 
with the present invention, it is possible to produce 
the ABCz chalcopyrite (wherein, A represents Cu or 
Ag, B represents In. Ga or Al, C represents Se 

45 or Te) thin film layer 3 having an excellent quality 
which is most suitable for the photovoltaic devices 
such as solar cells and the like in a simple opera- 
tion with a good reproducibility. 

50 EXAMPLE 3 

FIG.6 and FIG.7 show a schematic configura- 
tion of an apparatus for manufacturing the ABC2 
chalcopyrite thin film built in accordance with this 
55 example. The manufacturing process employing 
the apparatus is performed in the following manner. 

First, by controlling the temperatures of the 
respective cells 10, 11 and 12, the amounts of the 
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fluxes (gases) of the respective elements A, B and 
C were adjusted. Then, an ABC2 thin filnn 2 of the 
element A-excessive composition was prepared un- 
der a condition capable of depositing the ABC2 thin 
film of the element A-excessive composition. In this 
example, although a glass substrate coated with 
Mo was used as the substrate 1 , the present inven- 
tion is not necessarily limited to this. Further, the 
apparatus of this example is provided with a heater 
6 for heating the substrate 1 in such a manner that 
an infrared ray emitted from the heater 6 can be 
transmitted through an opening provided on the 
substrate holder 4 and the light transmitting sub- 
strate 1. The temperature of the substrate is re- 
quired to be at 400 *C or above and is preferably 
from 500 'C to 550 'C. If the temperature of the 
substrate is too low, growth of the crystal grains 
cannot proceed properly. In contrast, if the tem- 
perature of the substrate is too high, an inconve- 
nience of re-evaporation of the supplied element 
may be yielded. 

Subsequently, depositing the film on the sub- 
strate was continued by performing a concurrent 
supply of element A. element B and element C 
adjusted to the element B-excessive composition, 
or by performing a supply of only element B and 
element C while stopping the supply of element A. 
If the temperature of the substrate was sufficiently 
high, it was possible to prepare an ABC2 chal- 
copyrite thin film 3 having a homogeneous com- 
position which approximated to the stoichiometric 
composition but contained element B in slight ex- 
cess. In this case, an electric resistance of the film 
became high abruptly in the film composition (A/B 
ratio) being in the vicinity of the stoichiometric 
composition ratio and demonstrated a saturating 
tendency in the ABC2 chalcopyrite thin film layer 
having excessive element B. 

The apparatus of this example is configured as 
shown in FIG.6 and F1G.7, and so designed as to 
introduce the infrared ray (including those having a 
wavelength of 1.3 to 2.0 um) emitted from the 
heater 6 for heating the substrate 1 to the film 
during depositing operation, and to monitor the 
intensity of the infrared ray transmitted through the 
substrate. In the apparatus shown in FIG. 7. the 
vapor deposition is performed in a vacuum cham- 
ber 13 made of a material which permits the trans- 
mission of the infrared ray, and a visible ray cutting 
filter 7 and a light detecting system are provided 
outside the chamber 13. In this figure, a reference 
numeral 14 designates a connector leading to an 
exhausting system. 

The apparatus of this example is based on a 
phenomenon that if the film has a large electric 
conductivity and a free carrier has a concentration 
of about 10^ cm~3, it strongly absorbs the infrared 
ray, and the film gradually begins to transmit the 



infrared ray with a decrease in the concentration of 
the free carrier (namely, an increase in the electric 
resistance of the film). FIG. 8 shows the near in- 
frared ray transmittance of the ABG2 thin film 

5 (wherein A = Cu, B-ln, G = Se). In this diagram, 
each of curves P, Q and R corresponds to each of 
the ABC2 thin films (wherein A = Cu, B = ln. G = Se) 
having the A/B ratios of 1.8, 1.2 and 0.9, respec- 
tively. As apparent from this diagram, it is appre- 

70 ciated that the transmittance in the vicinity of the 
wavelength of 1 .5 um increases with a decrease in 
the A/B ratio (namely, a decrease in the electric 
conductivity). 

In the apparatus of this example, the optical 

15 filter 7 for cutting the visible ray is provided in 
order to improve a dynamic range of the observa- 
tion of or the measurement relating to this phenom- 
enon. According to the above-mentioned film pro- 
ducing process and the apparatus of this example. 

20 when an output signal of the light detecting system 
is successively monitored, a result shown by the 
diagram in FtG.9 is obtained by the light detecting 
system. 

A point W in the diagram represents the time 

25 point when the supply of the flux is switched from 
the condition of depositing the element A-excessive 
film to the element B-excessive condition or when 
the supply of element A is stopped. A point X in 
the diagram represents a time point of from 5 to 15 

30 minutes after the value of the output signal has 
saturated. Although the value of the output signal 
detected by this measuring system first decreases 
with the progress of depositing the element A- 
excessive ABC2 thin film, a constant value of the 

35 output signal is reached after the point W wherein 
the condition of the flux (gas) is changed and 
maintained for a while. Then, the value of the 
output signal corresponding to the transmittance of 
the film increases with the change in the A/B ratio 

40 to about 1.0 by the effect shown in FIG.8. and 
thereafter the value of the output signal is satu- 
rated. An analysis on the composition of the film 
confirmed that the change in the A/B ratio in the 
composition reflected a moderate change in the 

45 film composition to the film of element B-excessive 
composition. 

The ABC2 chalcopyrite thin film layer (wherein 
A = Cu. B = ln. C = Se) thus obtained under a con- 
dition corresponding to the point X had an almost 

50 homogeneous composition in its entirety and was a 
film having the following composition: 24 - 25 
atomic % for element A, 25 - 25.5 atomic % for 
element B and 50 - 50.5 atomic % for element C. 
As described above, according to the appara- 

55 tus having the monitoring means in accordance 
with the present invention, it is possible to produce 
the ABC2 chalcopyrite (wherein A represents Cu or 
Ag. B represents In, Ga or Al, C represents S, Se 



7 



13 



EP 0 683 532 A2 



14 



or Te) thin film layer 3 having an excellent quality 
which is most suitable for the photovoltaic devices 
such as solar cells and the like in a simple opera- 
tion with a good reproducibility. 

Although the present invention has been de- 
scribed In terms of the presently preferred embodi- 
ments, it is to be understood that such disclosures 
is not to be interpreted as limiting. Various alter- 
ations and modifications will no doubt become ap- 
parent to those skilled in the art to which the 
present invention pertains, after having read the 
above disclosure. Accordingly, it is intended that 
the appended claims be interpreted as covering all 
alterations and modifications as fall within the true 
spirit and scope of the invention. 

Claims 

1. A method for manufacturing an ABC2 chal- 
copyrite thin film layer (wherein A represents 
Cu or Ag, B represents In, Ga or Al, C repre- 
sents S. Se or Te) comprising the steps of: 

(1) a first step of forming a thin film layer 
containing element A, element B and ele- 
ment C on a heated substrate, wherein the 
content of element A exceeds the 
stoichiometric composition ratio represented 
by the formula ABC2 , 

(2) a second step of exposing the thin film 
layer formed in said first step to a flux or 
gas containing element B and element C, or 
to a gas or flux containing element A, ele- 
ment B and element C but containing ele- 
ment B in excess, and 

(3) a monitoring step of monitoring a phys- 
ical property of said thin film layer which 
changes in correspondence with the change 
in the A/B ratio of element A to element B 
in said thin film layer, 

wftierein said physical property of said thin 
film layer specifically changes at a first time 
point when the A/B ratio in said thin film layer 
changes from an element A-excessive state to 
the stoichiometric composition ratio of the 
ABC2, and demonstrates a saturated value at a 
second time point when the A/B ratio t>ecomes 
an element B-excessive state after a lapse of a 
substantial time period, and 

wherein said second step is terminated at 
said second time point. 

2. A method for manufacturing an ABC2 chal- 
copyrite thin film layer in accordance with 
claim 1. wherein said monitoring step com- 
prises monitoring an electric resistance of said 
thin film layer. 



3. A method for manufacturing an ABC2 chal- 
copyrite thin film layer In accordance with 
claim 2, wherein said monitoring step com- 
prises monitoring a current flowing through a 

5 load resistor electrically connected with said 

thin film layer at the time of irradiating said thin 
film layer with an electron beam, and said 
second step is terminated when said current 
decreases and reaches an approximately satu- 

70 rated value. 

4. A method for manufacturing an ABC2 chal- 

copyrite thin film layer in accordance with 
claim 1, wherein said monitoring step com- 
75 prises monitoring the intensity of light reflected 

from - said thin film layer. 

5. A method for manufacturing an A6C2 chal- 
copyrite thin film layer in accordance with 

20 claim 4. wherein said second step is termi- 

nated when said intensity of light reflected 
from said thin film layer decreases and 
reaches an approximately saturated value. 

25 6. A method for manufacturing an ABC2 chal- 
copyrite thin film layer in accordance with 
claim 1, wherein said monitoring step com- 
prises monitoring the intensity of infrared ray 
transmitted through said thin film layer. 

30 

7, A method for manufacturing an ABC2 chal- 
copyrite thin film layer in accordance with 
claim 6, wherein said second step is termi- 
nated when said intensity of infrared ray trans- 

35 mitted through said thin film layer decreases 

and then increases, and thereafter reaches an 
approximately saturated value. 

8. An apparatus for manufacturing an ABC2 chal- 
40 copyrife thin film layer (wherein A represents 

Cu or Ag, B represents In, Ga or Al, C repre- 
sents S, Se or Te) comprising: 
a substrate holder, 

means provided on said substrate holder 
45 for heating a substrate, 

a plurality of element supplying means 
each for supplying element A, element B or 
element C onto said substrate and for control- 
ling the supplying operations of the respective 
50 elements, and 

monitoring means for monitoring a phys- 
ical property of said thin film layer deposited 
on said substrate. 

wherein said physical property of said thin 
55 film layer abruptly changes at a time point 

when the A/B ratio in said thin film layer 
changes from an element A-excessive state to 
the stoichiometric composition ratio of the 
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ABC2, and saturates at a time point when the 
A/6 ratio becomes an element B-excessive 



optical filter for cutting visible rays on its in- 
frared ray incident side. 



state, and 

wherein said monitoring is performed in 
order to determine an end point of depositing 5 
said thin film layer where the physical property 
demonstrates a saturated value. 

9. An apparatus for manufacturing an ABC2 chal- 
copyrite thin film layer in accordance with 70 
claim 8, wherein said substrate is electrically 
conductive and electrically insulated from a 
ground potential and further comprises a load 
resistor connected across said substrate and 

the ground, and means for supplying an elec- 75 
tron beam to a part of said substrate, and said 
monitoring means is one that monitors a cur- 
rent flowing through said load resistor. 

10. An apparatus for manufacturing an ABC2Chat- 20 
copyrite thin film layer in accordance with 
claim 8, wherein said substrate is electrically 
conductive and electrically insulated from a 
ground potential, and said monitoring means 
comprises a load resistor connected across 25 
said substrate and the ground, and means for 
supplying an electron beam to a part of said 
substrate, for monitoring a current flowing 
through said load resistor. 



11. An apparatus for manufacturing an ABC2 chal- 
copyrite thin film layer in accordance with 
claim 8, wherein said monitoring means com- 
prises means for irradiating said substrate with 
light and means for detecting the intensity of 35 
light reflected from said substrate, for monitor- 
ing a reflectance of said thin film layer. 

12. An apparatus for manufacturing, an ABCa chal- 
copyrite thfn film layer ih accordance with 40 
claim 8, wherein said substrate permits trans- 
mission of infrared ray, said monitoring means 
comprises means for In^adiating said substrate 

with infrared ray and means for detecting the 
intensity of infrared ray transmitted through 45 
said substrate, for monitoring a transmittance 
of said thin film layer. 

13. An apparatus for manufacturing an ABC2 chal- 
copyrite thin film layer in accordance with 50 
claim 12, wherein said means for irradiating 

said substrate with infrared ray is means for 
heating said substrate. 

14. An apparatus for manufacturing an ABC2 chal- 55 
copyrite thin film layer in accordance with 
claim 12, wherein said means for detecting the 
intensity of infrared ray is provided with an 
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